Study objective-The aim was to determine whether excess weight in lactating women is associated with earlier cessation of breastfeeding.
Conclusions-Excess weight at one month postpartum, as determined by a body mass index above the normal range, was found to be an independent risk factor for early cessation of breast feeding and together with smoking, maternal age, occupation, and the time the infant is first put to the breast can be used to identify, early in the postpartum period, those women most likely to benefit from counselling in order to breast feed their infants successfully. 7 Epidemiol Community Health 1992; 46: 559-565
Although there has been a marked increase in the prevalence of breast feeding in Australia and other industrialised countries since the early 1970s1-5 many mothers who leave hospital breast feeding their infants have stopped breast feeding by three months postpartum.6 The most commonly given reason for early cessation of breast feeding is failure of lactation or an insufficient supply of milk. 712 In contrast, mothers in the rural areas of developing countries are, by and large, successful breast feeders" even though many of them may be marginally undernourished by generally accepted standards.
Many factors influence the pattern and duration of breast feeding. In general, older, better educated women who are relatively well off socioeconomically, who live in a stable relationship, and who have support for breast feeding from friends, relatives, and husbands continue to breast feed longer. 1'8 An important way in which these characteristics influence the duration of breast feeding appears to be by reducing the concerns that mothers have about the demands of breast feeding on themselves, their families, and their ability to return to work. 19 Feeding schedule, in particular an increased frequency of feeding, is also associated with a longer duration of breast feeding,20 while the use of combined oral contraceptives and smoking are both associated with a shorter duration of breast feeding. 17 21-23 Studies of the influence of diet and nutritional status on lactational performance have focused primarily on milk volume and composition2427
and have generally shown only small differences between women from affluent and developing countries despite large differences in reported energy intakes and nutritional status. 28 29 Duration of breast feeding in relation to maternal nutritional status does not appear to have been specifically studied in well nourished women in industrialised countries. It has, however, been reported that successful breast feeding in this context is associated with an increase in appetite, an increased energy intake, and a lower rate of maternal weight loss while breast feeding,3032
and also that mothers advised to increase their energy intake while breast feeding weaned their infants significantly later than mothers who did not receive such advice.33
The hypothesis tested in this study, namely that a body mass index above the normal range in lactating women is associated with earlier cessation of breast feeding and an increased prevalence of "insufficient milk syndrome", arose from a small prospective study, carried out in 1981 in Geelong, a regional centre of 150 000 people 80 km southwest of Melbourne, Victoria, to find out more about factors related to the duration of breast feeding in this population.34 In addition to the demographic and behavioural characteristics commonly asssociated with early cessation of breast feeding, this study found a number of nutrition related characteristics to be associated with the duration of breast feeding. In particular, women who stopped breast feeding by three months, on average, had a higher body mass index but a lower intake of energy and less frequently experienced an increase in appetite with lactation than those who breast fed for longer. Taken together these findings suggested the possibility that excess energy reserves might be a factor limiting lactation in this group of women. If confirmed, an association between a body mass index above the normal range and earlier cessation of breast feeding would be of relevance to infant welfare nurses and others responsible for providing advice and support to breast feeding women as a means of identifying, at an early stage, individuals who might benefit from appropriate counselling and advice in order to continue breast feeding their infants successfully.
Methods

STUDY POPULATION
On the basis of information on the distribution of body mass index in Australian women35 it was estimated that a sample of at least 300 breast feeding women was required to detect a relative risk of 1 5 for earlier cessation of breast feeding, with 80% power and a significance level of 5%, in women with a body mass index above 25 compared with those with one in the normal range (20) (21) (22) (23) (24) (25) . In order to obtain a group of this size, all women whose first infant was born between May 1 1984 and April 30 1985 Exploratory data analysis was carried out using the Minitab statistical package.39 However, in order to utilise fully the observations on subjects who were still breast feeding at six months postpartum and others for whom follow up data were incomplete, survival analysis was used to explore the effects of different variables on the time course of breast feeding. The effects of individual variables on the "survival" of breast feeding were initially assessed using the KaplanMeier product limit estimate of survival.40 This estimate avoids an arbitrary choice of time interval for estimating the percentage of surviviors. The equality of survival curves, based on subgroups defined by a given variable, was tested using the Mantel-Cox statistic given by the program BMDPlL. 40 Variables found to have a significant effect on the survival of breast feeding were investigated using Cox's proportional hazards model,41 42 which allows joint estimation of the effects of independent variables on the hazard or risk of cessation of breast feeding. The coefficients of these covariates were estimated using the program BMDP2L and the effects of the regressor variables in the proportional hazards model were tested using the likelihood ratio statistic. ' 85 % prevalence of breast feeding on discharge from hospital; and an infant welfare centre contact rate of 95%.6 4 44 Only 739 of these records were suitable for analysis of the association between body mass index and the duration of breast feeding. Seventy three mothers had stopped breast feeding within the first 14 d postpartum.
These mothers were considered not to have established lactation and consequently not to be appropriate subjects for the study. Twenty three mothers either did not attend the infant welfare centre or did not wish to participate after their first visit, and for 35 others information essential for the study was inadvertently omitted from the records. Table I feeding survival curves for the variables tested individually for their effect on the duration of breast feeding. Maternal smoking and age, and the parents' occupation score, had the greatest association with the duration of breast feeding in the first six months postpartum. Other variables with a lesser but statistically significant effect (p < 005) included the time after birth at which the infant was first put to the breast, the mother's body mass index at one month postpartum, and changes in maternal appetite with breast feeding. Variables without any significant influence on the duration of breast feeding included the infant's sex and birthweight, the mother's prepregnancy weight and height, the amount of pregnancy weight gain retained at one month postpartum, and oral contraceptive use while breast feeding.
At six months postpartum the amount ofmaternal weight change, both relative to prepregnancy weight and to weight at one month postpartum, was associated with significant differences in breast feeding survival curves.
MULTIVARIATE ANALYSIS OF FACTORS INFLUENCING THE DURATION OF BREAST FEEDING
In order to assess the effects of body mass index on the duration of breast feeding while allowing for the effects of the other variables that had a significant influence on the duration of breast feeding when considered individually, the data were analysed using the Cox proportional hazards model. Variables were included in the model only if they were not highly correlated with other variables in the model and if they could be used as predictors of the duration of breast feeding, in the sense of values observed before or soon after the time of birth (leading, for example, to the omission of weight change variables observed at six months postpartum). Table III shows the regression coefficients and significance levels obtained from the program BMDP2L for the variables included. Of these only four (smoking, mother's age, the time after birth when the infant was first put to the breast, and mother's body mass index at one month postpartum) exerted significant independent effects in the model as determined by the ratio of their coefficients relative to their standard errors. The values for the likelihood ratio statistic for the six most significant effects are also given in table III and the p values suggest qualitatively similar conclusions to the coefficient estimates. Tests to confirm that these variables met the assumptions of the proportional hazards model led to some changes in the definition of the variables entered to satisfy better the proportionality and linearity criteria ofthe model (see table IV), but this had no effect on any of our substantive conclusions. However, representing socioeconomic status as mother's occupation score produced a slightly stronger effect than when father's score was used. More importantly it appeared that the effect of body mass index was due to a difference between women in the normal range (<26) and those above the normal range, while no evidence for a dose-response relationship was found within the normal range.
No statistically significant interaction effects were found between the variables in the model. However, since the effect of smoking on the rate of Table I  14d cessation of breast feeding was much greater than that of any of the other variables included in the model, the consistency of the other parameter estimates was tested in the non-smokers alone. Table IV indicates that the regression coefficients and their significance were largely unaffected by the exclusion of smokers from the model. More specifically the effect of age remained essentially unchanged while that of mother's occupation score decreased. The effect both of the time the infant was first put to the breast and of body mass index on the rate of cessation of breast feeding, however, appeared to be somewhat more pronounced in the non-smokers. It could therefore be concluded that body mass index exerted a significant effect on the rate of cessation of breast feeding in non-smokers as well as in the study populations as a whole.
INTERPRETATION OF THE ESTIMATES FROM THE PROPORTIONAL HAZARDS MODEL
In practical terms the ratio of hazards can be regarded as the relative risk of the variable in question for the rate of cessation of breast feeding. Table V gives estimates for the relative risk together with 95 % confidence intervals calculated for specified values of the five variables included in the final model. As already seen, smoking and maternal age had the greatest effect on the hazard for cessation of breast feeding. The estimated effect of smoking when represented as a relative risk indicates that a 10 cigarettes per day smoker was about 2 5 times more likely to stop breast feeding at any time than a non-smoker. In contrast maternal age had a negative effect on the hazard so that a woman aged 30 years was only about half as likely to stop breast feeding at any time as a woman aged 20 years after controlling for the other variables in the model. Mother's occupation score, body mass index, and the time the infant was first put to the breast after birth each produced an increase in the hazard of around 5000 for comparison categories specified in table V. (fig 2) , and body mass index ( fig  3) . On the basis of these curves the estimated proportion of non-smokers still breast feeding at six months of age was 50 o compared with 20%/( in smokers; 80 o in women aged >30 years compared with 300o in women aged 20 years or less, and 50 in women with a body mass index within the normal range as compared with 40 0o in women with a body mass index above the normal range.
Discussion
The primary aim of the present study was to determine if a higher body mass index is associated with a reduced duration of breast feeding, as suggested by the pilot study of McKay.34 Although a considerable amount of work has been done on factors related to the duration of breast feeding in western societies the possibility that over-rather than undernutrition has a negative association with the duration of breast feeding has not previously been studied.
The majority of studies that have reported on factors influencing the duration of breast feeding have studied women attending a particular maternity or paediatric primary care facility and the population is therefore not necessarily representative of the wider population of breast feeding women.2 5 9 10 15 23 47A9 In addition, maternity unit based populations require special arrangements to be made for subsequent follow up. Studies that are more likely to provide data representative of the population at large are those based on regional or national birth cohorts. Because in such studies subjects are often distri- ted over a wide geographical area these studies of covariates by means of partial correlation nerally involve using mailed questionnaires and coefficients or other multivariate methods of e therefore subject to the limitations inherent in analysis. 15 16 
